Abstract-Magnetic field intensity is modeled using Laplacian equations to study the spatial distribution of magnetic field under spherical shell plasma. The influences of different internal and external radii are also considered. In addition, the magnetic field calculation of plasma space is analyzed. The main conclusions are as follows. The external uniform magnetic field H 0 is the scalar magnetic bit, and the magnetic charge of the shell of the plasma is equivalent to that of a magnetic dipole. The magnetic field in the spherical shell is a superposition of a uniform field and a magnetic dipole field. The uniform field is composed of an externally applied uniform field H 0 and a uniform field generated by the magnetic charge on the outer surface of the ball. The magnetic dipole field is generated by the magnetic charge on the inner surface of the shell, and the inside of the shell is a uniform magnetic field. When μ 2 /μ 1 is high and a/b is low, the ratio of the magnetic field strength H 3 (the region is r < a) to the magnetic field strength H 0 (the region is r > b) is low. By contrast, when μ 2 /μ 1 and a/b are high, the ratio of the magnetic field strength H 3 to the magnetic field strength H 0 is high. When the magnetic permeability of the inner object is small and the spherical shell is thick, the produced plasma sheath is thick, and the external magnetic field in the spherical shell is weak. Therefore, when the shielding effect is good, the possibility that the "black barrier" phenomenon will occur is high, and ground radar detection will be difficult.
degree of the signal was reduced from 60 dB to 40 dB without increasing the magnetic field, thereby proving that an applied magnetic field is effective in reducing the attenuation of electromagnetic waves in plasma [11] . In 2008, Keidar et al. studied the influence of plasma on electromagnetic wave attenuation by theoretically examining applied electric and magnetic fields [12] . In 2009, Kim et al. used a 2D magnetic structure based on experimental data to determine if a 2D magnetic field model would be more effective than a 1D magnetic field model [13] .
The aforementioned scholars analyzed the "black barrier" phenomenon caused by plasma through theoretical research, computational simulation, and experimental analysis. Solving the "black barrier" phenomenon is highly significant. However, most present studies have focused on 1D and 2D theories and numerical simulations, and research on the magnetic field calculation of the spatial distribution of a plasma ball remains minimal. On the basis of previous studies, the current work focuses on the magnetic field calculation of the spatial distribution of a plasma ball shell.
PHYSICAL MODEL
Assume that a uniform external magnetic field H 0 passes through spherical space and surrounds the plasma of an object. Then, the magnetic permeability of the intermediate object is μ 1 , and the spatial distribution of plasma permeability is μ 2 . The inner and outer radii are a and b, as shown in Fig. 1 . The scalar magnetic bits of each district are ϕ n1 , ϕ n2 , and ϕ n3 , all of which satisfy the following Laplacian equations:
Their general solutions are
P n (cos θ) denotes the Legendre polynomials. A n , B n , C n , D n , E n , and F n are the coefficients of the general solutions. When the following boundary conditions are used: r = 0, ϕ n3 is limited; r → ∞,
∂r . The coefficients are calculated as follows:
where (3) is substituted into Eq. (2), Eq. (4) can be expressed as follows:
The magnetic field strength of each region can be obtained from H = −∇ϕ n .
NUMERICAL SIMULATION

Impacts of Internal and External Radii
Assume that the magnetic field strength H 0 is 10 A/m, μ 2 ≈ μ 0 [14] , μ 1 ≈ 20μ 0 [15] , where μ 0 is the vacuum permeability. The magnetic distribution diagrams of the magnetic field are calculated as shown in Fig. 2 by changing the kernel radius a and plasma radius b as shown in Table 1 . Under the scalar magnetic field of the external uniform magnetic field H 0 , the magnetic charge of the plasma shell is equivalent to that of a magnetic dipole. The magnetic field in the plasma shell is the superposition of a uniform field and a magnetic dipole. The uniform field is composed of an externally applied uniform field H 0 and a uniform field generated by the magnetic charge on the outer surface of the ball. The magnetic dipole field is generated by the magnetic charge on the inner surface of the shell. 
Influence of Different Permeabilities
When the material of the magnet differs, the corresponding magnetic conductivity also varies. Assume that the magnetic field strength H 0 is 10 A/m. Then, the values of μ 1 are provided in Table 2 , and the distributions of magnetic fields are shown in Fig. 3 . The magnetic field on the plasma spherical shell is equivalent to a magnetic dipole in the external magnetic field. It is a superposition of a uniform field with a magnetic dipole. The magnetic dipole field is generated by the magnetic charge on the inner surface of the shell. Different μ 2 /μ 1 ratios and the simulation of the magnetic field distribution are obtained as shown in Fig. 3 by changing the internal object material of the plasma spherical shell, i.e., with different magnetic permeabilities, as shown in Table 2 . When μ 2 /μ 1 is high, the magnetic field strength H 3 (r < a) and the magnetic field strength H 0 (r > b) are strong. When μ 2 /μ 1 is low, the ratio of the magnetic field strength H 3 (r < a) to the magnetic field strength H 0 (r > b) is high. In other words, the magnetic sphere of the plasma spherical shell is approximately the same as the magnetic permeability of the inner shell, and the magnetic field in the inner space of the spherical shell is relatively strong. 
Analysis and Discussion
The Scalar magnetic potential ϕ n3 in Eq. (4) indicates that the inside of the spherical shell has a uniform magnetic field, which is expressed as
, the permeability ratio of μ 1 and μ 2 and the ratio of the internal and external radii a and b have a corresponding effect on the magnetic field in the inner space of the spherical shell. In other words, when the permeability of the spherical shell is large and the spherical shell is thick, the magnetic field in the inner space of the spherical shell, which provides the best shielding effect, is weak. The limit value of H 3 /H 0 is 9/(2
). The permeability of the plasma layer outside the object cannot approach 0; hence, achieving complete shielding effect is difficult.
Calculation Verification
The range of the radar electromagnetic wave is 2 ∼ 18 GHz; therefore, we use 8 GHz to calculate the magnetic field strength in 0.04 T. In 2005, Yang et al. used the calculation method for electromagnetic wave propagation in non-magnetized plasma to obtain the reflection coefficient of an electromagnetic field incident that exhibits vertical magnetism in magnetized plasma [16] . With different electromagnetic wave frequencies, the graph of the change in the total power reflection coefficient with the intensity of the magnetic field was calculated when the linearly polarized electromagnetic wave was incident on the magnetized plasma surface. The best magnetic field strengths of 0.04, 0.07, 0.14, and 0.18 T on the minimum electromagnetic wave reflection power correspond to electromagnetic wave frequencies of 8, 16, 24, and 32 GHz, respectively.
The permeability of plasma can still be regarded as equal to that of the vacuum. Common aerospace materials are used with aluminum alloy, magnesium alloy, alloy steel and composite materials. In We can obtain the magnetic field distribution of Simulations 1 and 2 through calculation and verification. When μ 2 /μ 1 is high and a/b is low, the ratio of the magnetic field strength H 3 (r < a) to the magnetic field strength H 0 (r > b) is low. When μ 2 /μ 1 is low and a/b is high, the ratio of the magnetic field strength H 3 (r < a) to the magnetic field strength H 0 (r > b) is high.
CONCLUSIONS
In this study, we use Laplacian equations in spherical coordinates and consider the ratio of the inner and outer radii of spherical shell plasma, and the size and permeability ratio of the plasma-wrapped object to perform modeling calculations. The magnetic field distribution of each region in spherical space is obtained and further deduced as follows.
When the scalar magnetic field of the external uniform magnetic field is H 0 , the magnetic charge of the plasma spherical shell is equivalent to a magnetic dipole on the outside of the magnetic shell.
The magnetic field in the plasma spherical shell is a superposition of a uniform field with a magnetic dipole field [17] . The uniform field is composed of an external uniform field and a uniform field generated by the magnetic charge on the outer surface of the ball. The magnetic dipole field is generated by the magnetic charge on the inner surface of the shell.
When μ 2 /μ 1 is high and a/b is low, the ratio of the magnetic field strength H 3 (region r < a) to the magnetic field strength H 0 (region r > b) is low, and vice versa. When the magnetic permeability of the inner object is small and the spherical shell is thick, the produced plasma sheath is thick, and the external magnetic field in the inner space of the spherical shell is weak. Consequently, the "black barrier" phenomenon will exhibit good shielding effect and high possibility.
